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When first described by Gaglio in 1886, measurement of
lactate levels required the collection of 100–200 ml blood
and took several days to complete. The labour-intensive
nature of early lactate measurement techniques limited their
clinical use, because results were not available until long
after therapeutic decisions had to be made. In 1964 Broder
and Weil [1] were the first to use a photospectrometric
method to measure lactate levels in whole blood decreasing
turnaround times greatly. Current handheld devices and
mobile blood gas analyzers have decreased turnaround time
to less than 2 min using a minimal amount of blood [2]. With
this technology it is possible to diagnose, treat and monitor
critically ill patients rapidly and easily.
A relationship between increased blood lactate levels and the
presence of oxygen debt (tissue hypoxia) in patients with
circulatory shock was suggested as early as 1927 [3]. In
patients with clinical shock, associated with tachycardia,
hypotension, cold and clammy skin and decreased urine
output, lactate levels have been referred to as the best
objective indicator of the severity of shock [4]. Can increased
blood lactate levels serve an indicator function in patients
without clinical signs of circulatory failure also? If so then
what would increased blood lactate levels in these
circumstances indicate, and what would be the most
appropriate therapy in these patients?
The circulation is a demand driven system in which increases
in oxygen demand are met by increases in oxygen delivery
through increases in blood flow. Tissue hypoxia can thus be
defined as a state in which tissue oxygen demands are not
met by tissue oxygen delivery. Decreases in haemoglobin
levels and arterial oxygen saturation are usually compensated
for by an increase in cardiac output to maintain global oxygen
delivery [5], and so tissue hypoxia usually does not occur [6].
When cardiac function is limited this compensatory
mechanism fails and tissue hypoxia can occur rapidly [7].
Many experimental and clinical studies have shown that
blood lactate levels start to rise when tissue hypoxia occurs
[8–11].
Because blood pressure is maintained over a rather wide
range of cardiac output values, limited compensatory
increases in cardiac output may fail to be noticed clinically,
and thus the presence of tissue hypoxia may not always be
noticed. In this issue, Meregalli and coworkers [12] show that
lactate levels in haemodynamically stable postsurgical
patients discriminated between survivors and nonsurvivors
within the first 12 hours of admission, despite similar global
haemodynamics in both patient groups. These and other
authors refer to this situation of hyperlactataemia in the
presence of stable haemodynamics as a state of occult
hypoperfusion [13,14].
Several authors have studied the importance of increased
blood lactate levels in surgical patients. Waxman and
coworkers [15] studied lactate levels during and after
surgery. Although cardiac output and blood pressure did not
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change intraoperatively, lactate levels increased. Following
surgery cardiac output increased, and those authors
suggested that this represented physiological compensation
for the intraoperative oxygen deficits, because a significant
linear relationship between calculated intraoperative oxygen
deficit and lactate levels was found in that study. In a study
conducted by Smith and coworkers [16] (50% of patients
studied were surgical patients), those investigators showed
that patients with increased blood lactate levels on admission
had significant mortality (24%), even when blood lactate
levels normalized within the first 24 hours. When increased
blood lactate levels on admission could not be normalized
within 24 hours, mortality in these patients increased to 82%
(Fig. 1).
Referring to the ‘golden hour’ and the ‘silver day’ of trauma
resuscitation, Blow and coworkers [14] showed that
normalizing blood lactate levels within 24 hours of admission
in haemodynamically stable trauma patients was associated
with improved survival. Resuscitation in these patients was
aimed at improving global blood flow whenever lactate levels
remained above 2.5 mmol/l. Both morbidity (organ failure)
and mortality were increased among those patients in whom
blood lactate levels failed to normalize with these therapeutic
efforts. In patients with major trauma, Claridge and coworkers
[17] showed that occult hypoperfusion was associated with
an increased rate of infection and mortality. In patients with a
femur fracture, Crowl and coworkers [13] showed that
patients with occult hypoperfusion, defined as an increased
blood lactate level, had no clinical signs of shock.
Nevertheless, these patients had increased morbidity
compared with patients without occult hypoperfusion.
Abramson and coworkers [18] showed that normalization of
lactate levels within 24 hours after resuscitation aimed at
increasing oxygen delivery, and cardiac output was
associated with a 100% survival. In patients requiring
24–48 hours to normalize lactate levels, mortality was 25%.
None of the patients with increased blood lactate levels at
48 hours survived. Only one prospective study has shown
that normal lactate levels as a therapeutic goal in surgical
patients (cardiac surgery) and a resuscitation protocol aimed
at increasing oxygen delivery (mainly cardiac output) was
associated with improved outcome (morbidity) in the protocol
group [19].
From these studies it is clear that increased blood lactate
levels in critically ill surgical patients are not always related to
clinical signs of circulatory failure. Treatment aimed at
increasing oxygen delivery (usually aimed at increasing
cardiac output) can normalize blood lactate levels in these
patients. Failure to normalize increased blood lactate levels
with these interventions is generally associated with
increased morbidity and mortality. Limited prospective data
are available, but these data also indicate that maintaining
normal blood lactate levels or rapid normalization of
increased blood lactate levels is an important therapeutic
goal in critically ill patients. Adequate fluid resuscitation and
inotropes to increase cardiac output have consistently been
found to improve tissue oxygen delivery in patients with
tissue hypoxia, and thus remain the mainstay of therapy in
these circumstances [20–24].
Where Allardyce and coworkers [25] urged referral centres
for critically ill surgical patients to monitor blood lactate
levels, we would urge clinicians to monitor lactate levels in all
patients at risk for (occult) hypoperfusion related either to
decreases in oxygen delivery or to increases in oxygen
demand.
Competing interests
None declared.
References
1. Broder G, Weil MH: Excess lactate: an index of reversibility of
shock in human patients. Science 1964, 143:1457-1459.
2. Brinkert W, Rommes JH, Bakker J: Lactate measurements in
critically ill patients with a hand-held analyser. Intensive Care
Med 1999, 25:966-969.
3. Meakins J, Long CNH: Oxygen consumption, oxygen debt and
lactic acid in circulatory failure. J Clin Invest 1927, 4:273.
4. Rackow EC, Weil MH: Physiology of blood flow and oxygen
utilization by peripheral tissue in circulatory shock. Clin Chem
1990, 36:1544-1546.
5. Weiskopf RB, Viele MK, Feiner J, Kelley S, Lieberman J, Noorani
M, Leung JM, Fisher DM, Murray WR, Toy P, Moore MA: Human
cardiovascular and metabolic response to acute, severe isov-
olemic anemia. JAMA 1998, 279:217-221.
6. Bock AV, Dill DB, Edwards HT: Lactic acid in the blood of
resting man. J Clin Invest 1932, 11:775-788.
7. Levy PS, Quigley RL, Gould SA: Acute dilutional anemia and
critical left anterior descending coronary artery stenosis
impairs end organ oxygen delivery. J Trauma 1996, 41:416-
423.
Figure 1
Both in patients with normal and in those with increased blood lactate
levels on admission, changes in blood lactate levels during the first
24 hours of treatment were related to ultimate survival. Data from [16].98
Critical Care    April 2004 Vol 8 No 2 Bakker and Pinto de Lima
8. Cain SM: Appearance of excess lactate in aneshetized dogs
during anemic and hypoxic hypoxia. Am J Physiol 1965, 209:
604-608.
9. Cain SM: Oxygen delivery and uptake in dogs during anemic
and hypoxic hypoxia. J Appl Physiol 1977, 42:228-234.
10. Zhang H, Vincent JL: Oxygen extraction is altered by endotoxin
during tamponade-induced stagnant hypoxia in the dog. Circ
Shock 1993, 40:168-176.
11. Ronco JJ, Fenwick JC, Tweeddale MG, Wiggs BR, Phang PT,
Cooper DJ, Cunningham KF, Russell JA, Walley KR: Identifica-
tion of the critical oxygen delivery for anaerobic metabolism
in critically ill septic and nonseptic humans. JAMA 1993, 270:
1724-1730.
12. Meregalli A, Oliveira RP, Friedman G: Occult hypoperfusion is
associated with increased mortality in hemodynamically
stable, high-risk, surgical patients. Crit Care 2004, 8:R60-R65.
13. Crowl AC, Young JS, Kahler DM, Claridge JA, Chrzanowski DS,
Pomphrey M: Occult hypoperfusion is associated with
increased morbidity in patients undergoing early femur frac-
ture fixation. J Trauma 2000, 48:260-267.
14. Blow O, Magliore L, Claridge JA, Butler K, Young JS: The golden
hour and the silver day: detection and correction of occult
hypoperfusion within 24 hours improves outcome from major
trauma. J Trauma 1999, 47:964-969.
15. Waxman K, Nolan LS, Shoemaker WC: Sequential perioperative
lactate determination. Physiological and clinical implications.
Crit Care Med 1982, 10:96-99.
16. Smith I, Kumar P, Molloy S, Rhodes A, Newman PJ, Grounds RM,
Bennett ED: Base excess and lactate as prognostic indicators
for patients admitted to intensive care. Intensive Care Med
2001, 27:74-83.
17. Claridge JA, Crabtree TD, Pelletier SJ, Butler K, Sawyer RG,
Young JS: Persistent occult hypoperfusion is associated with
a significant increase in infection rate and mortality in major
trauma patients. J Trauma 2000, 48:8-5.
18. Abramson D, Scalea TM, Hitchcock R, Trooskin SZ, Henry SM,
Greenspan J: Lactate clearance and survival following injury. J
Trauma 1993, 35:584-588.
19. Polonen P, Ruokonen E, Hippelainen M, Poyhonen M, Takala J: A
prospective, randomized study of goal-oriented hemody-
namic therapy in cardiac surgical patients. Anesth Analg 2000,
90:1052-1059.
20. Haupt MT, Gilbert EM, Carlson RW: Fluid loading increases
oxygen consumption in septic patients with lactic acidosis.
Am Rev Respir Dis 1985, 131:912-916.
21. Marik PE, Sibbald WJ: Effect of stored-blood transfusion on
oxygen delivery in patients with sepsis. JAMA 1993,  269:
3024-3029.
22. Reinhart K, Bloos F, Konig F, Bredle D, Hannemann L: Reversible
decrease of oxygen consumption by hyperoxia. Chest 1991,
99:690-694.
23. Shoemaker WC, Appel PL, Kram HB, Duarte D, Harrier HD,
Ocampo HA: Comparison of hemodynamic and oxygen trans-
port effects of dopamine and dobutamine in critically ill surgi-
cal patients. Chest 1989, 96:120-126.
24. Ince C, Sinaasappel M: Microcirculatory oxygenation and
shunting in sepsis and shock. Crit Care Med 1999, 27:1369-
1377.
25. Allardyce DB: Symposium on intensive care: 1. Monitoring of
the critically ill surgical patient. Can J Surg 1978, 21:75-78.